INTRODUCTION
Drug addiction is a mental disorder that hurts people with drug addiction, their friends, family, and wider communities. Addiction involves drug use that a person finds very di cult to control, even as it creates problems for the person at school, work, and home. Over ADDICTION A mental disorder in which a person cannot control his/her use of drugs or alcohol, even though it causes harm to that person and to others. time, people with addiction might need to take more and more drugs and they can come to rely on drugs so much that trying to quit makes them really sick. Even after people with drug addiction quit, it is very common for them to crave the drugs that they used to take and to eventually relapse and use those drugs again.
One of the reasons drug addiction is so harmful is that young people are most at risk of addiction. Another reason is that, even with the best available treatments, the majority of people with drug addiction will spend years recovering. Instead of living their lives to the fullest, they are often going through cycles in which they use drugs for a while and then quit, over and over again. Scientists know that drug use can be triggered by cues in the environment that remind CUE A stimulus like a sight, sound, or smell that does not normally have any meaning on its own. It takes on meaning once it becomes mentally linked with something motivating.
people of drugs, like certain places, objects, sounds, or smells. This means that it is important for scientists to study these cues. We hope that by better understanding how these mental processes work, better treatments can be developed to help people with drug and alcohol addiction.
HOW CUES AND CONTEXTS CONTROL YOU
Ivan Pavlov was a physiologist studying the digestive system in dogs, when he noticed that the dogs would begin to drool (or "salivate") when ordinary things happened around the time when food was coming. Pavlov found that he could train the dogs to drool following a particular cue, like the sound of a bell, by presenting the cue before giving the dogs their food [ ]. Over time, the dogs would begin to drool when they heard the cue rather than when they received their food.
This process is not limited to dogs. For example, if you go to an ice cream shop a lot and it smells like strawberries, eventually you might come to form a mental link between the ice cream and the smell of strawberries. The smell of strawberries becomes a cue that could cause you to start salivating at the thought of ice cream. This process of forming mental links between environmental cues and something that is highly motivating, such as a food you like, is called classical conditioning.
CLASSICAL CONDITIONING
The process of how a previously neutral stimulus (e.g., a sight, sound, or smell) becomes associated with something highly motivating (e.g., food) when the two things are repeatedly experienced together.
Scientist have found that classical conditioning also happens in drug addiction. It happens in the same way in drug addiction as it did for Pavlov's dogs or as it might for ice cream. This is because the process of classical conditioning happens in mostly the same way in di erent species and with di erent cues or stimuli (Figure ) . When people consume drugs, including alcohol, they often do it in a particular way. They might buy a certain brand of cigarettes or drink alcohol at a certain time of the day. Along the way, they form links between the cues in the environment that they see, hear, and smell and the drug Khoo Classical Conditioning and Addiction Figure   Figure Classical conditioning works across many di erent species. Pavlov's dogs learned to associate a bell with food, and after a while, the sound of the bell caused the dogs to salivate (or drool). In the laboratory, addiction scientists present rats and mice with cues, such as a light, that the animals come to associate with alcohol. After a while, the cues alone can cause the animals to approach a cup looking for alcohol. In humans, the same basic processes occur. For example, product branding may become an alcohol cue and cause someone to crave alcohol and go looking for it. Stock images CC via pixabay.com and CC BY-SA Wikimedia Commons (Angelo, Abujoy).
that they are taking. People who have used drugs for longer or have a more severe addiction tend to react more strongly to the cues and have a harder time giving up the drug they are addicted to [ ].
Contexts can also act as cues. A context is made up of multiple CONTEXT A combination of cues that is present in the background, usually in a physical place. For example, a classroom would be a di erent context than a hospital.
features that are always in a specific environment, such as decorations, smells, or sounds. If someone goes to the pub to drink alcohol, then they will come to associate pubs with alcohol. A pub might have a distinct look, smell, and feel. It will have features that are very di erent from an ice cream shop or a school. These features of the pub are the context, and they can become associated with drinking alcohol and later trigger relapse. For example, if someone is a recovering alcoholic and goes to the pub with their friends, they would be more likely to relapse than if they went home.
DRUG ADDICTION IN THE LABORATORY
In the laboratory, scientists want to study how the associations The phases of addiction. In the first phase of this example, a rat is placed in a particular context. During the acquisition phase, the rat is shown a light before it receives alcohol. The graph shows time and the number of responses that the rat makes throughout this phase. Over time, the rat will increase the number of responses it makes as it learns that the cue means it will receive alcohol. In the next phase, extinction, the rat is placed in a di erent context and shown the light but not given alcohol. This mimics therapy and, as shown in the graph, over time the rat will stop responding to the cue light. During reinstatement, the rat is returned to the first context and shown the cue. As shown in the graph, the rat will make a large number of responses at first even though there is no alcohol. Over time, it will stop making responses as it learns that alcohol is not being delivered.
handing out medicine and it is definitely both illegal and unethical for scientists to test addictive drugs on young people! Instead, scientists use animals like rats and mice. This is because rats and mice can also be used to learn about how cues and contexts relate to an addictive drug, because cues and contexts work for them too. These animals will also voluntarily take many kinds of drugs, including alcohol, nicotine (the addictive part of tobacco), cocaine, and heroin.
There are three stages of addiction that scientists are interested in studying. These stages are called acquisition, extinction, and reinstatement. Acquisition relates to the way an animal comes to associate certain cues or contexts with a drug. Extinction mimics the way addiction is often treated, by trying to take the drug away. Finally, reinstatement is like relapse, where the animal is triggered to look for the drug again. In the example shown in Figure , scientists are studying how rats come to associate both a particular context and a particular cue with alcohol [ ].
Acquisition describes the phase when animals have access to the drug. In the example in Figure , rats are placed in containers called conditioning chambers, which have been made unique using a certain kind of background, smells, and flooring. These make the context look, smell, and feel di erent, a bit like how a pub might have its own look, smell, and feel. Then, the rats are presented many times with a cue light that comes on for a few seconds before they get alcohol. At first, they do not notice the cue light. But after the cue light followed by the alcohol happens more and more, the rats will begin to respond to the cue light by approaching the cup where they drink alcohol. After a while, they will have formed a strong association between the cue light and alcohol. Scientists can then study what has changed in the brains of these rats to cause them to respond to the cue and context.
The next phase is called extinction, and it models what happens when someone tries to quit drugs, maybe by getting treatment. In this phase, the rats are placed in a conditioning chamber that looks, smells, and feels di erent from the first context, where they got the alcohol. This is because alcoholics do not go to see a therapist in the pub. If alcoholics see a therapist or counselor, that would happen in a clinic. In this new context, the rats are shown the cue light but no alcohol is delivered. The idea is to break the connection between the cues and the alcohol. The rats will initially respond a lot, because they will have learned that the cue light means alcohol is coming. Over time though, they will learn that the cue light no longer means alcohol is coming and they will stop looking for the alcohol. Scientists have learned that extinction stops the responses to a cue, but it is di cult to fully erase the entire memory of the cue being associated with the drug [ ].
The final phase is called reinstatement and is like relapse. In the example in Figure , the rats are put back into the first context. This is a bit like someone who has gone through therapy going back out into the world and seeing all the places where they used to use drugs or alcohol. When the cue light is presented in this context, the rats will respond to it again. Even though there is no alcohol, the rat still looks for it. They will look for the alcohol a lot at the beginning of the session, but this behavior will decrease quickly because it is not reinforced. This might be what happens when humans relapse and is probably like a strong burst of craving for alcohol. Reinstatement is a critical time that many scientists focus on. It is often the most important test of whether an experimental treatment worked, because relapse is such a big problem for humans who su er from addiction.
HOW DO THESE ANIMAL STUDIES HELP US UNDERSTAND ADDICTION?
Scientists studying the way that cues and contexts work in the brain use a variety of techniques. They might inject animals with drugs, sometimes directly into specific parts of the brain. the way that neurons respond to cues, contexts, and drugs. Scientists can also study the way that genes interact with addiction and behavior. For example, a specific gene might turn on after an animal has been exposed to alcohol for a long time. So even though the classical conditioning procedures used in today's laboratories are often similar to what Pavlov did, scientists are learning new things about how conditioning works. For example, by injecting drugs into specific parts of the brain, scientists have learned more about which brain regions are involved in responding to a conditioned stimulus, which is a cue that has become associated with something motivating, such as food [ ].
Learning more about classical conditioning and addiction in rats and mice helps scientists to find new treatments. Scientists take the most promising research results from animals and try to make new or better treatments for people ( Figure ) . For example, one potential new treatment is to target the orexins, small messenger molecules made by a specific part of the brain called the hypothalamus. Scientists have been thinking about using drugs that block orexin messages mainly because of studies in animals showed they could help reduce alcohol consumption and relapse. For example, rats that were trained to press a lever to receive alcohol were given an orexin-blocking 
